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: >n suitable for three-way conversion of internal combustion engine, e.g., automobile 
: 'jases includes a catalytic material disposed in two discrete coats on a carrier . The first 
■ t a uminajsupport on which a first platinum catalytic component is dispersed and bulk 
-1 r ' , bu!k iron ox _' d6 v a metal oxide (such as bulk nickel oxide) which is effective for the 
- -jit.de emissions, and one or both c rfbaria and zirconia dispersed throughout the first 
■I---" ThejecondjaiaUwhich may comprise a top coat overlying the first coat, contains a 
' : H 'J^) Jgre earth OXirlfi-rirroniasupport on which a_fir st rhodiu m catalytic component 
' " l ' activated alumina support having a second platinumcatalvtic component dispersed 
fvi: may also include a second rhodium catalytic component , and optionally, a third 
-vv.-ni. dispersed as an activated alumina support. The present invention also provides a 
: • >. ..-haust gases by contacting the gases under conversion conditions with the catalyst 
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Field of the Invention 



The present invention is concerned with catalysts useful for the treatment of qases to reduce 

; 2TZ n »Z™*Ts t the Zr SVCh t 33 Cata ' yStS * the 9enera " y referred 10 « "«S^y -ver- 
sion or TWC catalysts. TWC catalysts are polyfunctions in that they have the capability of substantial 

s.mul.aneously cata.yz.ng both oxidation and reduction reactions, such as the oxidation o hydrocarbons aid 

nTZTrT T 'T Cti0n °' nitr ° 9en ° XideS 3 9 aSe0US ^ch cTtaCstd X in a 

number of f.elds, including the treatment of the exhaust gases from internal combust J engine S as 
automobile and other gasoline-fueled engines. uu»u°n engines, such e s 

> 

Background and Related Art 

M J n rf ° rder t0 I" 66 ' 90vernmental missions standards for internal combustion engine exhausts so-called 
catalyse converters containing a suitable catalyst such as a TWC cata.yst, are emp.aced in the ShaustTas 
line of mternal combust.on engines to promote the oxidation of unburned hydrocarbons r'HC") and ca rhnn 
monoxide ("CO") and the reduction of nitrogen oxides ("NO x ") in the exhaus t ga Fo his purpose TWC 
catalysts comprising a minor amount of one or more platinum group metals distended upon a hioh SU Z« 
area, refractory metal oxide support are well known in the art The platinum group metal mav comorise 

£ST TH ^"f T Preferab,y inC ' Udin9 006 ° r m ° re ° f rh0dium ^ aX dium ^spTcia ! 

rhodium. The refractory metal oxide support may comprise a high surface area alumina ^J^TSZ 
referred to as "activated" or "gamma" alumina) carried on a carrier such as a ZolSTc^rSrSJSS 
a refractory ceramic or metal honeycomb structure, as well known in the art The ZTJ^Jl 9 

Ihe.catalyt.caHy active materials dispersed on the activated alumina may contain in add-on to the 

^^1 ^ °1 " m ° re , baSe m6tal ° XideS ' SUCh 35 ^eTT f- nicL. coba.t. Lnntn"". ir ln 
TR™n, etc as shown, for example, in CD. Keith et al U.S. Patent 4,5 52,732 The activated alumma ' 
typical y exhibits a BET surface area in excess of 60 square meters per gram (W/g 7) often up to Zut 

buLt/^ SuCh aCt ' Vated a ' Umina iS USUa " y 3 mixture ° f *• Wmma and debases of llumina 
but may also conta.n substantial amounts of eta, kappa and theta alumina phases 

hioh tPmnir a t Ct ° ry 7 ta ' 0xide SUPP ° rtS Subject to lhermal degradation from extended exposure to the 

dSBa^^SSTSi; T' tin9 jn 3 T ° f 8XP0Sed C3ta,ySt SUrfaCe area and a correspond^ 
Decrease in catalytic act.v,ty. It is a known expedient in the art to stabilize refractory metal oxide sunnorts 

xTde^uch a XTclZTr ? ° f mat6rialS SUCh 33 Zirc0nia " ti«aniraSne e art S h P meta 

oxides such as bana. calc.a or stront.a or, most usually, rare earth metal oxides, for example c=ria lanthana 
and mixtures of two or more rare earth meta, oxides. For example, see CD. Keith et'a, US Patent 

Al n TW J n Catalys,s f e current| y Emulated with complex washcoat compositions containing stabilized 

« ?£TL£?£ ^TT ^ ** PreCi ° US meta ' Catalytic component SuS 

catalysts are des.gned to be effect.ve over a specific operating range of both lean of and rich of 

SevLTt h C COnd,t L°, nS - t6rm "° Xy9en S, ° ra9e c ™PonenV I use' to designate a material v hichTs 
beheved to be capable of being oxidized during oxygen-rich (lean) cycles of the gas being t eated and 
releasing oxygen dunng oxygen-poor (rich) cycles.) Such TWC catalyst composition ^enabHp mtata of 

mL.rT S ,' 0n ° h T fU ' emiSSi ° nS (HC ' C ° and NO *> to innocu ° us substances. Of th^h/r pScTous 
metas. platmurr , palladlurn and rnodium conventjona|| used jn 1 ™ 

TsTJZT™? N ° X t0 harml6SS nitr ° 9en - Unf °rtunate.y. rhodium is also the most expTn ive of t'ese 
TWCrZ 7 V k COnSec > uent, y- ef,ec,ive sodium utilization in automotive exhaust catalysts such as 
TWC catalysts, has been extensively studied. ^««i<"y*is. sucn as 

«,m J?.? ° f , t pr0Dlsms faced b V P^sent-day catalysts is the high operating temperatures engendered bv 
smaller automotive engines and high speed highway driving. Mot only alumL support material as notS 

ftZJl^T? St ° r . a9e COmponents are SUS W to thermal degradation atSch higttempe aturls 
Thermal degradation adversely affects the stability of the catalyst and effectiveness of the P rS me afs 
used therem. In addition, attempts to improve fuel economy by using air to fuel ("A/F") raSos hTheTthan 
s.o.chiometnc, and/or fuel shut-off features, generate a lean (oxygen-rich) exhaust. H Tgh exhaus Teas 
temperatures and lean gas conditions accelerate the deterioration of plat num and *!LT™Lxs 

srra,umi~h =r ,y sintered - and rhodium ™ -^ — - £s. sss 

The art has devoted a great deal of effort in afteTnpis-fe- improve the efficiency of platinum and 
rhod.um-based TWC compositions. Thus. U.S. Patent 4.675.308 disdoses a method ol 
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of rhodium by placing it on alumina which is segregated from ceria-containing particles since ceria 
enhances the interaction between rhodium and alumina, which renders the rhodium less active. 

U.S. Patent 4,806,519 separates the rhodium component in a layered structure in which rhodium is 
supported on alumina in a second coat which is segregated from the ceria-containing material in a first coat. 
However, in both cases the rhodium is still primarily in contact with alumina support particles so that any 
thermal degradation occurring to the alumina will inevitably affect the catalytic efficiency of the rhodium. 

The use of layered coatings in catalyst compositions is also shown in two Japanese patent publications 
Japanese Patent Application 88-326823/46 (J63240 947A) of Nissan Motor KK (10.02.87-JP-027383) 
discloses a catalyst comprising a support having two different alumina coatings separately loaded thereon 
One alumina coating contains ceria-alumina and ceria on which platinum, palladium or rhodium is 
dispersed, and is stated to be effective for CO and HC removal. The other alumina coating, which is stated 
to be effective for NO x removal, is made from lanthana-alumina and zirconium oxide partially stabilized with 
Pr and on which palladium or rhodium is dispersed. The catalyst is stated to have TWC activity. 

Nissan Motor Company Ltd. Japanese patent publication JP63 77.544 (88 77,544), 7 April 1988 
discloses a catalyst comprising a first washcoat containing activated alumina bearing rare earth oxides, and 
a second washcoat disposed over the first washcoat and containing activated aluminum bearing rare earth 
oxides, mainly ceria and zirconia. Palladium is kept away from poisonous substances near the washcoat 
surfaces and forms LA-O-Pd in the first washcoat and Rh-O-Zr in the second washcoat. 

Co-pending and commonly assigned U.S. Patent Application Serial No. 07/234,226 presents a method 
to improve thermal stability of a TWC catalyst containing platinum and rhodium by incorporating a barium 
compound and a zirconium compound together with ceria in bulk form. This is stated to enhance stability of 
the alumina washcoat upon exposure to high temperatures (see US-A-4,965,243 and EP-A-305 119) 

In another approach, U.S. Patent 4,233,189 teaches the use of non-alumina supports such as zirconia 
for rhodium, so that rhodium-alumina interaction can be avoided. However, zirconia has a lower surface area 
than gamma alumina and itself is not a thermally stable support. Zirconia undergoes a phase transition 
between its monoclinic crystalline structure and its more stable tetragonal crystalline structure over a wide 
temperature range. Such transition causes drastic sintering of the associated precious metals. Thus, a need 
still exists for improved stabilization against thermal degradation of precious metals containing TWC 
catalysts. 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is provided a catalyst composition comprising a carrier 
on which is disposed a catalytic material, the catalytic material comprising the following comoonents 
contained in two coats. A first coat is carried on the carrier and comprises a first activated alumina support 
on which is dispersed a catalytically effective amount of a first platinum catalytic component. A catalytically 
effective amount of bulk ceria is included in the first coat. Optionally, the first coat may also include a bulk 
iron oxide and a catalytically effective amount of metal oxide effective for the suppression of secondary 
emissions such as H 2 S. The metal oxide may comprise, for example, bulk nickel oxide. The first coat may 
optionally also include a thermal stabilizer dispersed therein, for example, one or both of baria and zirconia 
may be dispersed in the first coat, e.g., on both the alumina and the bulk ceria thereof, in an amount 
sufficient to stabilize the alumina and bulk ceria against thermal degradation. The carrier also carries a 
second coat, which optionally may comprise a topcoat overlying the first coat and comprising a co-formed 
rare earth oxide-zirconia support, a catalytically effective amount of a first rhodium catalytic component 
dispersed on the co-formed zirconia support, a second activated alumina support, and a catalytically 
effective amount of a second platinum catalytic component dispersed on the second alumina support. In 
addition to the above-specified second coat ingredients, the second coat may optionally include a second 
rhodium catalytic component dispersed either on the second activated alumina support (on the alumina 
particles on which the second platinum catalytic component is also dispersed) or on a third activated 
alumina support. Optionally, a third platinum catalytic component may be dispersed, together with the 
second rhodium catalytic component, on the third activated alumina support. The second coat, like the first 
coat, may optionally include a thermal stabilizer dispersed therein in an amount sufficient to' stabilize the 
second activated alumina support (and the third activated alumina support, if present, against thermal 
degradation). The thermal stabilizer dispersed in the second coat may comprise zirconia. 

Other aspects of the present invention provide for the inclusion of one or more of the following features, 
singly or in a combination of two or more of them. Thus, the metal oxide effective for the suppression of 
secondary emissions such as H 2 S may be one or more of oxides of nickel, copper, managnese and 
germanium; the thermal stabilizer in the first coat may be one or more of ceria. baria and zirconia; and the 
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rare earlh oxide of the co-formed rare earth oxide-zirconia support may be one or more of oxides of cerium 
neodym.uir, and ytinum, preferably cerium oxide. «*.u««, ui cerium. 

Another aspect of the present invention provides that the carrier may comprise a refractory body having 

s andTo T* ,J ! K Para " e ' PaSSa9eS eXtendin9 therethro "9h. the passages being defined by *2 
s and the ca. 3 ly:,c maic-,.al be.ng coated on the walls as the aforesaid first coat and second coat 

In occonU.cc w.ih the present invention there is also provided a method for treating a gas such as the 
rZ!™ , Ml T mai COmbustion en 9 ine " specially a gasoline-fueled engine, which contains noxious 
component: suet, as one or more of carbon monoxide, hydrocarbons and nitrogen oxides. The method 
comprises ca.wc-i.ng at least some of these noxious components to innocuous substances by contacting 
,o the gas „,*•*, co-wors.cn conditions with a catalyst composition as described above. As used herein and in 
he cta.es. emersion conditions" means conditions suitable for the catalyst composition of the invention 
to ca.aly.c- the -cact.on of one or more (usually all three) of hydrocarbons, carbon monoxide and nitrogen 
oxides to nnxuous substances", i.e. to water, carbon dioxide and nitrogen. The catalyst compositions of 

,s ZZ^-jr^ZZXST of actin9 as TWC catalysts " ca,,y2in9 substantia,ly simu,taneous 

, C """ and , in thS Claim8, the t6rm " c °- formed " a * used with respect to the rare earth oxide- 
z.reon.a Sl . r ^„ m ., : ,. lial . means that the rare ear{h oxjde Qr oxjdes ^ djsperse(J substantja ^ 

^ n ' •' th * 2,rCOma P articles as wi " ft" sample, when the rare earth oxide(s) and 

zircon...,,, ..,„•.. ,, r .,rn R cessors thereof, are co-precipitated or co-gelled. The defined term is intended to 
» dist^u,,, „ T ,,. ,., )alion in which rare eartn oxides are mere|y 9. spersed ^ Qr n J*™ l^TeZ Z 
..rcon.a p.w k .r. av.nrj the core of the particles largely or entirely free of the rare earth oxide(s). 

DETAILED DESCRIPTION OF THE INVENTION AND SPECIFIC EMBODIMENTS THEREOF 

25 fi.„^V ;a:a,V f CC " np5S , iti{ ? n . ° f ^ Pr6Sent inVenti0n provides a first 9roup of selected components in a 
his coa. o ,:...,.. v t.e material, and a second group of selected components in a second coat of catalytic 
matenal. ... c-jc ... p-vysically segregate the components of the respective coats. The first and second 
coats n„ .« c -ci„ ovats. each having its own compos j tion and identity and are carried Qn & carrjer 

r '^> ; 'V^~ 11 ( ° r - in thS C3Se ° f thS SSCOnd COat ' b * bein 9 adhered to the underlying first 

coat) as u » ..,. .. 1; .,. ; „ t coating. The catalyst composition of the invention usually comprises a carrier of 
hu type oh,,, ,o.-..*1 to as a honeycomb or monolithic carrier, which carrier is a solid body characterized 

ut^r I tV , I" 8 ' S " bS *T tia " y Para,lel> continuous and open-ended gas flow passages extending 
th.rct....*. j>. It* cataf/tic material is dispersed as a coating on the carrier, specifically, on the walls of the 



30 



nx i fl . #J rif . . 0 , . a — v^.ivi, ^cui.iuany, uii uie wans or me 

35 cofrt , , '». Ca u erS ^ n0rma " y made 0f a refra ctory. ceramic-like material such as 

metal t:u.t: ^ \ 
Tho .Jiv i. t. 

ccoid , ,,-ta:,o carrier with, preferably, "the first coat adhered to" W caVrier ^and the ^eco'd coa* 



- - j > un.cf inaiuiicai auuri as 

.,*,m,na. or any other suitable refractory material; they may also be made of a refractory 
muai Sl ,.» ; ^ ss e, oe | or otner suitab | e corrosion-resistant, iron based alloys. 

-The .J.-- .. ... ,„,i <r ,c1 second coats of catalytic material, conventionally referred to as "washcoats" are 



•to 



o,,rly,M 0 ^•.,.n- ) t0 the first coat. With this arrangement, the gas being contacted with the catalyst 
e.g.. bo, Bsf0ugh the passageways of the catalytic material-coated carrier, will first contact the 

: co.Ki .„ . .. , p ass therethrough in order to contact the underlying bottom or first coat However 

in an .„»■■„..,.., „<•■ 3ura , 10 n. the second coat need not overlie the first coat but may be provided on an 
TV" ' ' "' direCti ° n ° f 935 f '° W thr0U9h the cata, y st imposition) portion of the carrier 
• 5 2 U„; - \ '7 , ° n , a downstream P° rtion ° f the carrier. Thus, to apply the washcoat in this 

-5 confKii,,....,., uxhonm longitudinal segment only of the carrier would be dipped into a slurry of the first 
coa. cnt.i r t„ n., : airf dried , and the undippe d downstream longitudinal segment of the carrier would 
men oc o, r; .. ,., .„-, -, :lurry of tne second coat c^yHc material and dried. Alternatively, separate carri-rs 
may .x- u^«. earner on which the first coat is deposited and a second carrier on which the second 
coat IS .iep.,t,:oo „, cn tne tw0 separ ate carriers may be positioned within a canister or other holding 
so device an,. a» w .j,^ so , ha , , he exnaust gas tQ be {reated js f|owed jp serjss ^ ^ ^ « 

containing tne s.:eond coat and then through the catalyst containing the first coat thereon. However as 
indicated ar.ovo. ,. .s oreferred to utilize a catalyst composition in which the second coat overlies and 

rT™l!° h" SI C °. a ' be ° aUSe SUCh confi 9 uration is believed both to simplify production of the catalyst 
composition and to enhance its efficacy. ' 
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The First Coat 

The first coat (the bottom coat in the preferred overlying-coat configuration of the catalyst composition) 
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may contain at least a major portion of the platinum component of the catalyst. It is preferred to deposit the 
platinum component, or at least the major portion thereof, on an activated alumina support forming part of 
the first coat of catalytic material. The activated alumina on which the platinum catalytic component is 
dispersed is stabilized against thermal degradation by one or both of baria and zirconia, as described 

s below. The platinum catalytic component may be dispersed onto the activated alumina support by any 
suitable technique. Usually, this is carried out by impregnating a slurry of fine particulate alumina with a 
solution or dispersion of a soluble platinum compound or complex and then drying and calcining the thus- 
impregnated alumina support particles to provide the platinum catalytic component dispersed thereon. (This 
technique of impregnating a slurry of fine, particulate support material may also be used for dispersing the 

70 other catalytic components, such as a rhodium catalytic component, onto their respective supports.) The 
platinum catalytic component thus dispersed on a thermally stabilized (as described below) activated 
alumina support is believed to serve, in the composition of the present invention, the usual function of such 
platinum catalytic components of catalyzing at least the conversion of CO to C0 2 and of HC to water and 
C0 2 . 

/5 The quantity of ingredients in the catalyst composition may be expressed as the weight of such 
ingredients per unit volume of the catalyst composition. This is particularly useful for a catalyst composition 
in which the carrier is a honeycomb-type body because this basis of expression accounts for the voids in 
the catalyst composition provided by the gas flow passages extending therethrough. For ingredients other 
than precious metals, a convenient basis is grams per cubic inch ("g/in 3 ") of the catalyst composition and 
20 for precious metals, grams per cubic foot ("g/ft 3 ") of the catalyst composition. On this basis of measure- 
ment, the activated alumina may be present in the first coat in an amount of from about 0.1 to 4.0 g/in 3 and 
the first platinum catalytic component may be present in an amount of from about 5 to 100 g/ft 3 . 

In addition to the platinum catalytic component, the first coat may optionally contain a palladium 
catalytic component dispersed on an activated alumina support. The palladium catalytic component may be 
25 present in an amount of up to about 100 g/ft 3 , that is, from 0 to 100 g/ft 3 , e.g., from 0.1 to 100 g/ft 3 . The 
palladium catalytic component, if present, may be dispersed on the first activated alumina support, 
individual particles of which may contain both platinum and palladium catalytic components dispersed 
thereon or the palladium catalytic component may be dispersed on its own thermally stabilized activated 
alumina support particles, and mixed into the first coat composition. 
30 The first coat or washcoat layer further includes bulk rare earth oxides including ceria, preferably bulk 
ceria of at least 90 percent purity as Ce0 2 , more preferably 95 percent or 99 percent Ce0 2 , with the 
/balance substantially comprising other rare earth metal oxides. The utilization of such high purity bulk ceria 
in a catalyst composition is disclosed, for example, in U.S. Patent 4,714,694 of C.Z. Wan et al in connection 
with catalysts comprising an alumina-stabilized bulk ceria. As disclosed in this patent, the bulk ceria 
35 contains at least about 95, or at least about 99 or 99.5, percent by weight Ce0 2 , with the predominant 
impurity comprising lanthana with lesser amounts of other rare earth oxides. The amount of bulk ceria in the 
first coat of the catalyst composition may be at least about 0.15 g/in 3 of the finished catalyst composition, 
e.g from about 0.15 to 1.5 g/in 3 of the finished catalyst composition. 

The first coat may further include iron oxide, preferably introduced into the manufacturing procedure of 
40 the catalyst as Fe 3 0* (magnetite) because in this form the iron oxide is insoluble in the milling media 
normally utilized to prepare the washcoats of the invention. The iron oxide, which may be introduced in bulk 
form, is catalytically effective for promoting CO oxidation. 

The first coat may also include a metal oxide, for example, bulk nickel oxide, which is effective for the 
suppression of any H 2 S which may be present. The H 2 S suppressor may thus be in bulk form and the iron 
45 oxide is in bulk form, the bulk form oxides preferably comprising particles of at least 0.1 micron in diameter. 
Such bulk metal oxides are not significantly soluble in the washcoat slurry used during preparation of the 
catalyst composition and do not readily react with activated alumina particles to form undesirable composite 
or combined materials which reduce the thermal stability of the activated alumina. 

The iron oxide, if present, is preferably employed in an amount of about 0.05 g/in 3 to 0.3 g/in 3 of iron 
so oxide. The iron oxide serves as a promoter for the oxidation of CO to carbon dioxide. Any form of ferrous or 
ferric oxide is suitable for use as the CO oxidation promoter, but Fe 3 0* ispref erred as it is insoluble in the 
ballmilling medium used to prepare the washcoats. It is preferable not to incorporate the iron oxide in a 
dispersed form on the alumina, i.e., by impregnation of the alumina with an iron salt solution and then 
calcining, and consequently the iron oxide is provided in bulk form. As with the other bulk ingredients, 
55 "bulk" means that the iron oxide is added as fine particles, preferably of at least 0.1 microns size 
(diameter), of solid iron oxide, rather than being dispersed into the other ingredients as by being 
impregnated into the composition in the form of a soluble iron salt. 

The metal oxide effective for the suppression of H 2 S emissions may be any suitable metal oxide which 

5 
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serves the purpose. Nickel oxide, preferably bulk nickel oxide, is a preferred component for this purpose 
although other oxides such as germanium oxide, copper oxide amd manganese oxide are also known to be 
su.table for the purpose. The H 2 S suppressor ingredient is useful because ceria and alumina tend to trap 
sulfur compounds on their surfaces. The sulfur compounds, which result from the combustion of sulfur 
contained in gasoline, are converted to hydrogen sulfide during transient fuel-rich operating conditions such 
as idling and acceleration, and provide a characteristic foul odor to the exhaust gases. A suitable metal 
oxide H 2 S suppressor such as nickel oxide will at least temporarily trap any hydrogen sulfide which is 
formed, thereby delaying the discharge of hydrogen sulfide from the catalyst. During transient fuel-lean 
operation the sulfides are oxidized or otherwise decomposed in the oxygen rich environment, and the 
hydrogen sulfide is converted to various sulfates. The quantity of the metal oxide used depends on its 
hydrogen sulfide-trapping capacity. Generally, the metal oxide loading in the catalyst composition is 
typically from about 0.05 g/i n 3 to 0.5 g/in^, measured as the metal oxide, e.g., NiO. When the metal oxide 
used for suppressing the release of H 2 S comprises nickel oxide, it is desirable not to deposit the NiO in a 
dispersed form (e.g., from solution) on alumina. Consequently, the nickel oxide is preferably incorporated 
into the first coat as a bulk fine particulate material. 

In contrast, the thermal stabilizer used in the first coat, which may be baria or zirconia or both is 
incorporated into the other ingredients in dispersed form by impregnation of the bulk ingredients (alumina 
ceria. etc.) with solutions or other dispersions of soluble compounds or complexes of barium and/or 
zirconium salts, followed by drying and calcination of the impregnated bulk materials. This may be 
accomplished by using an impregnation technique similar to that described above with respect to 
impregnating the platinum catalytic component onto the activated alumina support material. Thus soluble 
salts of zirconium and/or barium may be dissolved in an aqueous solution and the solution used to 
impregnate the washcoat components of the first coat. The soluble salts, such as nitrates, are decomposed 
to oxides during the calcining of the catalyst composition and the resultant zirconium and barium oxides by 
being incorporated into the activated alumina and the other bulk metal oxides present, serve to stabilize 
these materials against thermal degradation. The alumina, ceria. etc.. are thus stabilized against thermal 
degradation. The amount of such thermal stabilizers, if present, is preferably from about 0.05 g/in 3 to 0 5 
g/in 3 , calculated as the metal oxide, for each thermal stabilizer utilized. 

The contents of the first coat of catalytic material may therefore comprise platinum dispersed on a 
thermally stabilized (with baria or zirconia or both) activated alumina, bulk cerium oxide, bulk iron oxide and 
a metal oxide, which may be in bulk form, such as bulk nickel oxide, which is effective for suppressing the 
emission of hydrogen sulfide. The bulk ceria, iron oxide and nickel oxide may also be impregnated with the 
stabilizing baria and or zirconia. which is preferably dispersed throughout the first coat by impregnating all 
the solids thereof by the above described technique of impregnation with solutions of soluble barium and/or 
zirconium compounds, followed by calcination. 

The first coat may also contain other components useful in such catalytic compositions. For example 
as noted above, a palladium catalytic component may also be dispersed on activated alumina particles The 
first coat composition may also contain other components known to be useful as components of a catalytic 
washcoat for this type of catalyst, including a supplementary refractory metal oxide to enhance washcoat 
porosity, such as one provided by crushed cordierite. The inclusion of a high porosity refractory metal oxide 
such as crushed cordierite enhances the overall porosity of the first coat, thereby facilitating the passage 
therethrough of the gas being treated by the catalyst composition. 

The Second Coat 

The second coat of catalytic material, i.e.. the top coat in the overlying-coat preferred embodiment of 
the present invention, contains a rhodium catalytic component which is dispersed on zirconia support 
particles which are co-formed with, and stabilized by, one or more rare earth oxides, such as cerium oxide 
neodymium oxide and yttrium oxide, preferably cerium oxide (ceria). The stabilized, co-formed rare earth 
oxide-zirconia support preferably contains from about 2 to 30% by weight of rare earth oxides, preferably 
ceria, balance predominantly or entirely zirconia. Other rare earth oxides may be present in small or trace 
amounts. The function of the rare earth oxides dispersed throughout the zirconia matrix is to stabilize the 
zirconia against thermal degradation. For example, unstabilized zirconia undergoes a phase transition with 
drastic loss of surface area, at about 950* C, but the co-formed rare earth oxide-zirconia support containing 
12 weight percent Ce0 2 exhibits a tetragonal crystalline structure throughout the temperature range of TWC 
catalyst use (up to about 1000 " C) without undergoing significant thermal degradation. 

The co-formed rare earth oxide-zirconia support, sometimes herein and in the claims referred to simply 
as the "co-formed zirconia support" may be made by any suitable technique such as co-precipitation, co- 
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gelling or the like. One suitable technique is illustrated in the article by Luccini. E., Meriani, S., and 
Sbaizero, O. (1989) "Preparation of Zirconia-Ceria Powders by Coprecipitation of a MixedZirconium Cerium 
Carbonate in Water With Urea", Int. J. of Materials and Product Technology, vol.4, no. 2, pp. 167-175, the 
disclosure of which is hereby incorporated herein. As disclosed starting at page 169 of the article, a dilute 
(0.1 M) distilled water solution of zirconyl chloride and cerium nitrate in proportions to promote a final 
product of ZrQ 2 - 10 mol % Ce0 2 is prepared with ammonium nitrate as a buffer, to control pH. The 
solution was boiled with constant stirring for two hours and complete precipitation was attained with the pH 
not exceeding 6.5 at any stage. 

Any other suitable technique for preparing the co-formed rare earth oxide-zirconia may be employed, 
provided that the resultant product contains the rare earth oxide dispersed substantially throughout the 
entire zirconia matrix in the finished product, and not merely on the surface of the zirconia particles or only 
within a surface layer, thereby leaving a substantia! core of the zirconia matrix without rare earth oxide 
dispersed therein. Thus, the zirconium and cerium (or other rare earth metal) salts may include chlorides, 
sulfates, nitrates, acetates, etc. The co-precipitates may, after washing, be spray dried or freeze dried to 
remove water and then calcined in air at about 500 °C to form the co-formed rare earth oxide-zirconia 
support. 

Other metal oxide stabilizers suitable for being co-formed with the zirconia include magnesium, calcium 
and yttrium oxides. Oxides of these elements, as well as of cerium, are known as good zirconia stabilizers 
in the ceramic industry. However, in catalytic applications, zirconia not only has to withstand high 
temperature degradation due to phase transformation, but also has to possess a sufficiently high surface 
area to enable suitable dispersion thereon of the rhodium catalytic component. For this reason, and 
because the rare earth oxide is to be dispersed throughout substantially the entire matrix of the zirconia 
particles, the rare earth oxide stabilizer is not used in bulk, i.e., solid particulate, form for zirconia 
stabilization but is co-formed with the zirconia as described above. Further, rhodium tends to interact with 
bulk ceria in a manner which is deleterious to catalytic performance. Accordingly, the ceria is co-formed 
with the zirconia as described above. In addition, since the solubility of ceria in zirconia to form a 
homogeneous solid solution is about 10 mol percent, the amount of rare earth oxide co-formed with the 
zirconia is limited to not more than about 30 weight percent rare earth oxide, based on the weight of rare 
earth oxide plus zirconia, in order to avoid or minimize undesirable interaction between the rhodium 
catalytic component dispersed into the co-formed zirconia support, and the rare earth oxides, it being 
known that such interaction renders the rhodium less catalytically active. It should be noted that it is not 
necessary, in order to attain the benefits of the present invention, to have a homogeneous solid solution of 
rare earth oxide(s) in zirconia, but such homogeneous solid solution is included in the term "co-formed rare 
earth oxide-zirconia support". The amount of co-formed zirconia support present in the second coat is 
preferably not less than about 0.05 g/in 3 , and may range from about 0.05 to 1.0 g/in 3 . 

A first rhodium catalytic component is dispersed on the co-formed zirconia support and may be present 
in an amount of from about 0.03 to 1.0, preferably from about 0.1 to 0.6 weight percent rhodium, calculated 
as rhodium metal and based on the weight of rhodium plus the co-formed zirconia support. Stated 
otherwise, the first rhodium catalytic component may be present in an amount of from about 0.1 to 15 g/ft 3 
of catalyst composition. The rhodium may be dispersed on the co-formed zirconia support by an 
impregnation technique similar to that described above with respect to impregnating the platinum onto the 
alumina support in the first coat. The rhodium-impregnated co-formed zirconia support is heated to 
thermally fix the rhodium on the support, typically by first drying the rhodium-impregnated support and then 
heating it in air at about 450 * C. The rhodium, when dispersed on a particulate, co-formed rare earth oxide- 
zirconia support as described above, serves its usual function of catalyzing the oxidation of CO and the 
reduction of NO x in the gases being treated, even after high temperature engine aging, and without 
significant loss of activity. 

The second coat includes a second activated alumina support on which a second platinum catalytic 
component is dispersed. The second platinum catalytic component provides capacity for catalyzing the 
conversion of CO to C0 2 and HC to C0 2 and H 2 0 in the second coat. This supplements the CO and HC 
conversion capability of the first coat. The second platinum catalytic component may be dispersed into the 
second activated alumina particles by an impregnation technique similar to that described above with 
respect to the first platinum catalytic component of the first coat. The second platinum catalytic component 
is preferably thermally fixed on the second activated alumina before the platinum-impregnated second 
activated alumina is incorporated into the second coat. The second platinum catalytic component is present 
in an amount of from about 0.05 to 5.0 weight percent of the combined weight of the second platinum 
catalytic component (as platinum metal) and the activated alumina support (including the weight of any 
thermal stabilizers, measured as metal oxide, impregnated into the support). Stated otherwise, the second 
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platinum catlytic component is present in an amount of from about 1 to 50 offis of catalvst CO mn 0 ,ithn Th- 

r;a^ 0 ~ a support present in the second coat is ~ p^^izs^ 

of th?rl?r h T COat maY K J 6 firSt C ° atl bS Stabi,i2ed a9ainst ,hermal degradation. Although a number 
of therma stabilizers such as alkal.ne earth metal oxides and rare earth metal oxides includino ceria^e 
useful to thermally stabi.ize activated a.umina. zirconia is preferred as a stabilizer for Ke tTlZ X^l 

o ell? T l JhUS - S9C ° nd aCtiVat6d 3,umina is stabilized --conia and may be 

clmn ♦ H C °™T * aCt ' Vat8d a ' Umina PartiC ' eS l ° 3 d9Sired size a " d then impregnaUng the 

comminuted panicles wrth a solution of a soluble zirconium salt. After the impregnation, the imputed 

ThTLmr? T Ca ' Cined t0 COnV6rt im P re 9" ated 2irc °™" «*. ionium nitraVTS a 
The amount of z.rcon.a used to thermally stabilize the second activated alumina (and any other acS 

e - 9 - the ,hird activated a,umina ~ ^ * f ™ — « 

If it is desired to incorporate into the second coat a quantity of rhodium in excess of that which can be 
d 1SP ersed on the z.rcon.a support or. if it is desired for any reason to disperse part of the rhodTum catlytic 
component content of the second coat on a support other than the co-formed rare elToZSSS 

suS' 'h- T u I" 0 "' rh ° diUm Cata ' ytiC C0mpOnem ma * be dis P— d on an activated Sumina 
support, which may be the second activated a.umina support. Thus, the second activated alumina support 
may have both platinum and rhodium catalytic components dispersed therein. AltomattvST S second 
rhodium catalytic component may be dispersed on activated alumina particles comprising a thi rc ^ activated 
alumina support. In such case, the second platinum catalytic component is supported on one a cTo f 
activated alumma the second activated a.umina, and the second rhodium catalytic Component is supped 
on a separate batch of actuated alumina (the third activated alumina). The second rhodium catalytic 
component may be dispersed into its activated alumina support particles (the second or third actated 
alumma support, as the case may be) by impregnating the comminuted particles with a solu ion of so 
rhod.um salt such as rhod.um chloride, rhodium nitrate, etc. The impregnated particles are then driS and 
calcined to form an activated rhodium cataiytic component, using techniques well known in the art 

hoth ,ht r k J"" 1 ° component P resent in th * second coat (the sum of the rhodium present as 

both the firs rhod.um catalytic component dispersed on the co-formed zirconia support and the second 
rhod urn catalytic component dispersed on the activated alumina) may range from about 0.1 to 15 g/ft* 

rhod IZ hlff that C ° ntentS ° f the SSCOnd °° at 01 cata, y tic mate " a ' ™y therefore comprise 
Tn Z { !£ ° d ' Un ! Cat3lytiC com P° nent > dis P ers * d °n a co-formed rare earth oxide-zirconia support 
L d nn P f'T t ( H e , SeCOnd P ' atinUm ^ compo <™'> d ^ P ersed on an activated a.umina ^ortThe 

It ?T SUPP ° rt) - ' n addi,i0n ' additi ° nal rhodium ' the second sodium catalytic component 

may be dispersed on the same alumina particles as the platinum or may be dispersed on a sepa°Se bateh 
of activated atana particles (the third activated alumina support). The second coat may ther^l 
stabihzer comprising zirconia dispersed therethrough. * ™ermal 

Preparation Of The Catalyst 

Generally the catalyst composition of the present invention is prepared by coating a suitable carrier 
such as a cordierite honeycomb carrier, with a first coat comprising a washcoat contiUH?t?S 
ingredients described above. essentiaNy comprising a p.atinum catalytic component dispersed on activated 
alumma partic.es and bu.k cerium oxide and. optionally, the other described ingredients Th ^ca^s mav 
i ZZ7i V n ° wntechnic < ue of P repa -9 the ingredients in an aqueous's.urry LT^lL^Z 
is dipped Excess slurry ,s blown by compressed air from the passages of the carrier and the coa ed 
earner is then dr.ed and ca.cined. The resultant first coat-containing carrier is then dipped into an aqueous 
slurry of the above-described ingredients of the second coat, that is. into an aqueous s.urry esseSy 
mclurtng co-formed rare earth oxide-zirconia support particles onto which a rhodium £Z£Sl 
h S J be f" d,S h Pe ; Sed - and an activa,ed alumina ° n wn, on a platinum cata.ytic component and opZa h 

SiS T, , m9red,entS - The thuS second-coated carrier is again dried and ca.cined. to provide he 
finished catalyst composition. H c l,ie 

Exam^es" emb ° d ' mentS ° f the invention and the efficac V hereof are demonstrated by the following 

Example 1 

A. The First Coat 
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A quantity of 829 grams of gamma alumina powder having a surface area of 150 square meters per 
gram ("150 m 2 /g n ) was impregnated with an amine-solubiiized aqueous platinum hydroxide (H 2 Pt(OH)s) 
solution containing 10.5 grams of platinum. The platinum-containing alumina, 995 grams of bulk ceria (99 
weight percent Ce0 2l having a surface area of 110 m 2 /g). zirconium acetate solution containing 165.8 grams 

5 of Zr0 2 , and 227.4 grams of barium hydroxide hydrate crystals were ballmilled with water and acetic acid to 
form a slurry. A quantity of 2000 grams of the. slurry (solids basis) was further mixed with 105.4 grams 
pulverized low surface area NiO powder, and 105.4 grams Fe 3 CU powder to form a washcoat coating slurry. 
A monolith support of cordierite containing about 400 flow passages per square inch of cross section was 
dipped into the washcoat slurry. The resultant catalyzed monolith after calcination at 450* C contains 16.37 

70 g/ft 3 Pt, 0.75 g/in 3 alumina, 0.9 g/in 3 Ce0 2 , 0.1 g/in 3 BaO, 0.15 g/in 3 Zr0 2 . and 0.1 g/in 3 Fe 2 0 3 . 

B. The Second Coat 



A quantity of 800 grams of alumina powder containing 0.86 percent by weight of platinum was prepared 
75 by impregnating the alumina powder with the aqueous amine solubilized platinum salt previously described 
and calcining the impregnated alumina. Subsequent to calcining, the alumina was ballmilled with water and 
nitric acid to form a slurry. A quantity of 436.4 grams of cerium oxide-stabilized zirconia powder (12 weight 
percent Ce0 2( having a surface area of 55 m 2 /g) was impregnated with rhodium nitrate solution containing 
1.22 grams rhodium. The wet powder was dried and then calcined at 450 *C to obtain a powder containing 
20 0.28 weight percent rhodium, measured as rhodium metal. This powder was then mixed with the platinum- 
containing slurry to form a platinum- and rhodium-containing slurry. A quantity of 1200 grams (solids basis) 
of the platinum-rhodium slurry was further impregnated with rhodium nitrate solution containing 0.82 grams 
of rhodium. A zirconium acetate aqueous solution containing 70.6 grams Zr0 2 was then added to the slurry. 
The final coating slurry contained roughly 30 percent by weight solids. The monolith coated with the first 
25 coat in Part A of this Example was dipped in the platinum- and rhodium-containing slurry. After drying the 
dipped monolith and then calcining it at 450 °C, the monolith picked up an additional 0.9 g/in 3 of washcoat 
containing 2.455 g/ft 3 Rh, 8.18 g/ft 3 Pt, 0.55 g/in 3 alumina, 0.3 g/in 3 cerium stabilized zirconia and 0.05 g/in 3 
Zr0 2 . The final catalyzed monolith contained 27 g/ft 3 of precious metals at 10 Pt/1 Rh weight ratio. 

30 Example 2 (Comparative Example) 

A monolithic catalyst was prepared by impregnating 784 grams of gamma alumina powder having a 
surface area of 150 square meters per gram ("150 m 2 /g") with an amine-solubiiized aqueous platinum 
hydroxide solution containing 10.0 grams of platinum. The wet powder was thereafter impregnated with an 

35 aqueous rhodium nitrate solution containing 1.0 grams of rhodium. Finally, an aqueous solution containing 
14 ml of acetic acid was dispersed uniformly into the wet alumina powder. 

The platinum- and rhodium-containing alumina powder plus 524.8 grams of bulk ceria (99 weight 
percent purity Ce0 2 , having a surface area of 110 m 2 /g) ( zirconium acetate solution containing 183.3 grams 
of Zr0 2 and 201 .6 grams of barium hydroxide hydrate crystals were ballmilled with water and acetic acid to 

40 form a slurry. 1500 grams of the slurry (solids basis) was further mixed with 96 grams of pulverized low 
surface area NiO powder to form a washcoat coating slurry. A cordierite monolith containing 400 flow 
passages per square inch of cross section was dipped into the coating slurry, dried at 60 * C and then 
calcined at 500* C. The final catalyst contained 27 g/ft 3 of precious metals at a 10 Pt/1 Rh weight ratio and 
0.75 g/in 3 Ce0 2 , 0.14 g/in 3 BaO, 0.26 g/in 3 Zr0 2 and 0.15 g/in 3 NiO, in addition to 1.135 g/in 3 alumina. 

45 

Example 3 (Comparative Example) 



A monolithic catalyst was prepared according to the method described in Example 1, except that the 
layered structure was replaced with one homogeneous coating of the same total composition, that is, the 
so separate ingredients of the discrete first and second coats were combined into a single washcoat into which 
the monolith was dipped. The final catalyzed monolith therefore also contained 27 g/ft 3 PM at 10 Pt/1 Rh 
ratio. 

Example 4 

55 

The catalysts. 85 in 3 in volume each, produced according to Examples 1, 2 and 3 were individually 
loaded in converters of identical shape. The converters were then individually aged on a 4.3 liter V-6 engine 
at a converter inlet temperature of 700° C for 75 hours using a specific aging cycle. The aging cycle 
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consists of four phases totalling 60 seconds. 

2 s2 0 P nH a nh laS,S /°f COnd V" d en9i " e ° PerateS at stoichi °™tric set point in steady state 

exhaust S6C0ndS en9ine ° Pera,eS biaS fiCh Wh '" ch P roduces ^ percent CO in the 

^^el^oX£l^ OPeratGS Simi,ar l ° ^ 2 ~ " ~ * is 

6n9ine OPeratOS t0 ^ St0iChi — iC «"* to phase 

4 a 2^ e p r n t i e 4nn i n n n ^ Cata ' yStS T- 6 eVa ' Uated 0 " 3 V ' 8 e " 9ine dynamometer at an inlet temperature of 
482 C and 40 000 hr-1 space veloc.ty wherein the air-to-fuel ratio (A/F) employed was fluctuated 7/ 0 5 
Un,tS at 1 Hz P^urbations. The results of catalytic efficiencies are summarized in TaVleT 



75 



TABLE 1 



20 



Conversion Efficiency of Engine Aged Monolithic Catalysts 
% Conversion at Air to Fuel Weight Ratio (k/P) Shown 



25 Catalyst 
Example 1 
Example 2 
Example 3 



AP = 1*.**5 AP = 14 .64 AP = 14.85 

(AFU = -0,2) (Stoich.) 
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("AFU" = air to fuel ratio units, "Stoich." = stoichiometric 



A/F) 



Examples 2 and 3. The results of Example 1 as compared to Example 2 sL th ^upe E t ^ oTfhe cata ys 

:z^^^r s ' sin9,e ,ayer structure of Exampie 3 ih * - 

While the invention has been described in detail with respect to specific preferred embodiments thereof 

« h Z ttnTT ,h3t UP0 " 3 rSadin9 and understa "<«ng of the foregoing, Lations thereto may occur to 
45 those stalled m the art. wh,ch variations lie within the scope of the appended claims 

The dependencies of the subsidiary claims hereinafter do not imply any limitation as tn th» n^.-h. 
combinations of the features mentioned in those claims: the optional n Ve £2m5 ea ^ of the 

21 i T T , PreCedin9 deSCripti ° n and in the c,aims can be of importance both JSZlJaS 
also in any combination for the implementation of the invention. maivrauaiiy and 



Claims 
1. 



55 



ItKUSnr 0 " C ° mPriSin9 3 Ca " ter °" WhiCh iS disposed a cata, y tic ma ^' a <. the catalytic 
a<fir£coaJ>arried on the carrier and comprising a first activated alumina cpp^ a catalvticallv 
effective amount of a first platinum_cata.ytic component dispersed on thel^SS support aZ a 

catalyticaJJ^fective am6unt of bulklceria; and tuna.support, and a 

<§cond)coat carried by GTecamer and comprising a co-formed rare earth oxide- 2 irconia support 
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a catalytically effective amount of a fiis^ihodiuai^catalytic component dispersed on the co-formed 
zirconia support, a second activated alumina sunnnrt, and a catalytically effective amount of a second 
platinum catalytic compon nt dispersed on the second alumina support. 

2. The catalyst composition of claim 1 wherein the second coat comprises a topcoat overlying the first 
coat. 

3. The catalyst composition of claim 1 or claim 2 wherein the first coat further includes an effective 
amount of a^ejaj^oxida-eff ective for the suppression of H 2 S emissions from the catalyst. 

4. The catalyst composition of claim 3 wherein the metal oxide effective for the suppression of H 2 S is 
selected from the group consisting of one or more of oxides of nickel, copper, manganese and 
germanium. 

5. The catalyst composition of claim 1 or claim 2 wherein the first coat further includes bulk iron oxide in a 
catalytically effective amount for promoting the oxidation of CO. 

6. The catalyst composition of claim 5 wherein the bulk iron oxide comprises magnetite (Fe 3 04). 

7. The catalyst composition of claim 5 wherein the bulk iron oxide is present in an amount of from about 
0.05 to 0.3 grams per cubic inch of catalyst composition, calculated as Fe 2 0 3 . 

8. The catalyst composition of claim 1 or claim 2 wherein the second coat further includes a catalytically 
effective amount of a second rhodium catalytic component dispersed on the second activated alumina 
support. 

9. The catalyst composition of claim 1 or claim 2 wherein the second coat further includes a third 
activated alumina support and a catalytically effective amount of a second rhodium catalytic component 
dispersed on the third alumina support. 

10. The catalyst composition of claim 9 further including a third platinum catalytic component dispersed on 
the third alumina support. 

11. The catalyst composition of claim 1 or claim 2 wherein the first coat further includes a thermal stabilizer 
dispersed therein in an amount sufficient to stabilize the first activated alumina and the bulk ceria 
against thermal degradation. 

12. The catalyst composition of claim 11 wherein the thermal stabilizer is selected from the group 
consisting of one or more of ceria, baria and zirconia. 

13. The catalyst composition of claim 11 wherein the thermal stabilizer is selected from the group 
consisting of baria and zirconia. 

14. The catalyst composition of claim 11 wherein the thermal stabilizer comprises both baria and zirconia. 

15. The catalyst composition of claim 13 wherein the baria and the zirconia are each present in an amount 
of from about 0.05 to 0.5 grams per cubic inch of catalyst composition. 

16. The catalyst composition of claim 1 or claim 2 wherein the rare earth oxide of the co-formed rare earth 
oxide-zirconia support is selected from the group consisting of one or more of oxides of cerium, 
neodymium and yttrium. 

17. The catalyst composition of claim 1 or claim 2 wherein the rare earth oxide of the co-formed rare earth 
oxide-zirconia support is cerium oxide. 

18. The catalyst composition of claim 1 or claim 2 wherein the first rhodium catalytic component is present 
in an amount of from about 0.03 to 1.0 weight percent of the combined weight of rhodium plus 
stabilized zirconia support, the weight of rhodium being calculated as the metal. 
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19 ' Jh 6 fn^T C ° mpOSition ° f C,aim 1 or claim 2 wh erein the bulk ceria in the first coat comprises at least 
about 0.1 5 grams per cubic inch of catalyst composition. comprises at least 

20. The catalyst composition of claim 1 or claim 2 wherein the bulk ceria in the first coat is present in an 
amount of from about 0.15 to 1.5 grams per cubic inch of catalyst composition. 

21. The catalyst composition of claim 3 wherein the metal oxide effective for the suppression of H,S is 

sri^sr of from about 005 to 05 9rams per cuwc inch * ^ : 
22 - jmssts^ c,aim 21 wherein the metai ° xide comprises ** *« ^ - - 

23. The catalyst composition of claim 1. claim 2 or claim 20 wherein the bulk ceria comprises at least 90 
percent by we.ght Ce0 2 . the balance comprising other rare earth oxides. com P" ses at le ^t 90 

24. The catalyst composition of claim 1 or claim 2 wherein the second coat further incudes a thermal 

^jsxsr an amount sufficient to stabi,ize the ~- 

25. The catalyst composition of claim 24 wherein the thermal stabilizer comprises zirconia. 

26. The catalyst composition of claim 25 wherein the zirconia for alumina stabilization is present in an 
amount of about 0.02 to 0.5 grams per cubic inch of catalyst composition. 

2? ' ^L Cata,ySt COmpOSition of claim 1 ° r clai ™ 2 wherein the rare earth oxide of the co-formed rare earth 
ox.de-z.rcon.a support comprises ceria and is present in an amount of from about 2 to Tpercen. t 
we.ght of the combined weight of ceria and zirconia in the co-formed zirconia support 

28 * L h rdie C riL a ' ySt C ° mP0Siti0n ° f C,aim 1 ° r claim 2 the first coat further comprises crushed 

29. The catalyst composition of claim 1 or claim 2 wherein the co-formed rare earth oxide-zirconia supoort 
,s present ,n an amount of from about 0.05 to 1.0 grams per cubic inch of the crtrtysttc^So^ 

30. The catalyst composition of claim 1 or claim 2 wherein the second platinum catalytic component is 
present ,n an amount of from about 0.05 to 5.0 weight percent of the cwnt^^TSZLi 
measured as the metal, and the activated alumina in the second coat. Piatmum. 

31 ' 1 T n h l C a ata,ySt , C °rT P0Siti u n ° f Cl3im 1 ° r Cl3im 2 Wherein the activated al "™ a is present in the first coat 
■n an amount of from about 0.1 to 4.0 grams per cubic inch of catalyst composition. 

32. Tte catalyst composition of claim 1 or claim 2 wherein the activated alumina is present in the second 
coat m an amount of from about 0.10 to 2.0 grams per cubic inch of the catalyst composition 

33 ' Jnlrt^ C ° mp ° Si,i0n 0f claim 1 or claim 2 herein the first platinum catalytic component is present 
m the first coat ,n an amount of from about 5 to 100 grams per cubic foot of catalyst composition 

34. The catalyst composition of claim 1 or claim 2 wherein the second platinum catalytic component is 
SSiSn SeC ° nd C ° at 3n am ° Unt ° f fr ° m 3b0Ut 1 t0 50 *™ P» -bic foot Tcl lys t 



3& nrZ. C n a t talyS t t h COmP ? i,i0n °' Claim 1 W Claim 2 Wherein the total amount of "odium catalytic component 

ttJ^ZZZsr™" is present in an amount of from about °- 1 to 15 gLs ~ 

36 * L h | L C2ta,ySt , < ;T P0Siti0n ° f C ' aim 1 ° r daim 2 further includin 9 U P 10 10 ° 9rams per cubic foot of 
pallad.um catalytic component dispersed on the activated alumina support in the first coat. 
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37. The catalyst composition of claim 1 or claim 2 wherein the carrier comprises a refractory body having a 
plurality of substantially parallel passages extending therethrough, the passages being defined by walls 
and the catalytic material being coated on the walls as said first coat and said second coat. 

5 38. A catalyst composition comprising a carrier on which is disposed a catalytic material, the catalytic 
material comprising: 

a first coat carried on the carrier and comprising a first activated alumina support, a catalytically 
effective amount of a first platinum catalytic component dispersed on the first alumina support, a 
catalytically effective amount of bulk ceria and of bulk iron oxide, a catalytically effective amount of bulk 

10 nickel oxide, and baria and zirconia dispersed throughout the first coat in an amount sufficient to 
stabilize the alumina and the other bulk metal oxides against thermal degradation; and 

a second coat comprising a topcoat overlying the first coat and carried by the carrier, and 
comprising a co-formed rare earth oxide-zirconia support, a catalytically effective amount of a first 
rhodium catalytic component dispersed on the co-formed zirconia support, and a second activated 

75 alumina support having a catalytically effective amount of a second platinum catalytic component 
dispersed thereon, and zirconia dispersed throughout the second coat in an amount sufficient to 
stabilize the activated alumina support therein against thermal degradation. 

39. The catalytic composition of claim 38 including a second rhodium catalytic component dispersed on 
20 the second activated alumina support. 



40. The catalyst composition of claim 38 further including a third activated alumina support on which 
catalytically effective amounts of a second rhodium catalytic component and a third platinum catalytic 
component are dispersed. 

41. A method for treating a gas containing noxious components comprising one or more of carbon 
monoxide, hydrocarbons and nitrogen oxides, by converting at least some of the noxious components 
to innocuous substances, the method comprising contacting the gas under conversion conditions with a 
catalyst composition comprising a carrier on which is disposed a catalytic material, the catalytic 
material comprising (i) a first coat carried on the carrier and comprising a first activated alumina 
support, a catalytically effective amount of a first platinum catalytic component dispersed on the 
alumina support, and a catalytically effective amount of bulk ceria and (ii) a second coat carried by the 
carrier and comprising a co-formed rare earth oxide-zirconia support, a catalytically effective amount of 
a first rhodium catalytic component dispersed on the co-formed zirconia support, and a catalytically 
effective amount of a second platinum catalytic component dispersed on the second alumina support. 

42. The method of claim 41 wherein the catalyst composition further includes in the first coat a catalytically 
effective amount of bulk iron oxide, a metal oxide present in an amount sufficient to suppress H 2 S 
emissions, and at least one of baria, ceria and zirconia dispersed throughout the first coat in an amount 
sufficient to stabilize the activated alumina and other bulk oxides in the first coat against thermal 
degradation. 



43. The method of claim 42 wherein the metal oxide to suppress H 2 S emissions is nickel oxide. 

4S 44. The method of claim 41 wherein the second coat of the catalyst composition further includes a 
catalytically effective amount of a second rhodium catalytic component dispersed on the second 
activated alumina support. 

45. The method of claim 41 wherein the second coat of the catalyst composition further includes a third 
50 activated alumina support and a catalytically effective amount of a second rhodium component 

dispersed on the third alumina support. 

46. The method of claim 45 wherein the second coat of the catalyst composition further includes a third 
platinum component dispersed on the third alumina support. 

55 

47. The method of any one of claims 41 or 42 wherein the catalyst composition comprises a refractory 
body having a plurality of substantially parallel passages extending therethrough, the passages being 
defined by walls and the catalytic material being coated on the walls with the second coat comprising a 
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top coat overlying the first coat. 



48. 



A metnod for treat.ng a gas containing noxious components comprising one or more of carbon 
monox.de, hydrocarbons and nitrogen oxides, by converting at least some of the noxious comoonents 
to innocuous substances, the method comprising contacting the gas under conversion conditions with a 
catalyst composition comprising a carrier on which is disposed a catalytic material, the catalytic 
material comprising (1) a first coat carried on the carrier and comprising a first activated alumina 
support, a catalytically effective amount of a first platinum catalytic component dispersed on the 
alumina support, a catalytically effective amount of bulk ceria and of bulk iron oxide, a catalytically 
effective amount of bulk nickel oxide, and baria and zirconia dispersed throughout the first coat in an 
amount sufficient to stabilize the alumina and iron oxide against thermal degradation; and (ii) a second 
coat comprising a topcoat overlying the first coat and carried by the carrier, and comprising a co- 
formed rare earth oxide-zirconia support, a catalytically effective amount of a first rhodium catalytic 
component dispersed on the co-formed zirconia support, and a catalytically effective amount of a 
second platinum catalytic component dispersed on the second alumina support. 

49. The method of claim 48 wherein the second coat of the catalyst composition further includes a 
catalyticaly effective amount of a second rhodium catalytic component dispersed on at least one of the 
second activated alumina support and an optional third activated alumina support. 

50. The method of claim 48 or claim 49 wherein the first coat and second coat each include a thermal 
stabilizer in an amount effective to stabilize the activated alumina and other bulk metal oxides 
respectively present therein against thermal degradation. 

51. The method of claim 50 wherein the thermal stabilizer in the first coat is selected from the group 
consisting of one or more of ceria. baria and zirconia and the thermal stabilizer in the second coat 
comprises zirconia. 

52. The method of claim 50 wherein the thermal stabilizer in the first coat is selected from the group 
consisting of one or both of baria and zirconia. and the thermal stabilizer in the second coat comprises 
zirconia. 
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